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Practical normalization of mRNA expression in quantitative
PCR for cartilage researchWe read with great interest the report by Fundel et al. regard-
ing normalization for gene expression studies in cartilage
research1. We completely agree with the high relevance of
choosing a proper normalization method for the calculation
ofmRNAexpression data because, depending on this, results
may vary dramatically. The emphasis of the Fundel et al. re-
port was in microarrays of the particular type that has been
used by the authors to study osteoarthitis (OA)2. However,
the commonest technology for the performance of expression
studies in OA, as in other ﬁelds, is quantitative polymerase
chain reaction (qPCR). This technology is accurate and
sensitive and is available to most researchers. It is mislead-
ingly simple because results are easily obtained, but the right
procedure and interpretation are not straightforward3,4.
Special care has to be taken to avoid the multiple artefacts
that have been identiﬁed. This is also the area where the
importance of proper normalization is more commonly
overlooked. Therefore, it is unfortunate that the Fundel et al.
manuscript did not offer speciﬁc practical guidance for proper
normalization of qPCR results in OA research1.
The commonest qPCR method is relative quantiﬁcation
with the use of housekeeping genes as reference for nor-
malization5. They serve as internal standards to correct
for changes introduced throughout the experimental proto-
col. Therefore, the housekeeping genes used as reference
should be expressed at a constant level in the different
samples. It is commonly assumed by many researchers
that a single housekeeping gene is adequate for qPCR nor-
malization across different tissues or experiments. In this
way, no tests are done before initiating an expression study
and any of the best-known housekeeping genes is used
without more consideration. The manuscript by Fundel
et al. is a very useful call of attention on how wrong this
attitude is because housekeeping genes show variable ex-
pression in some circumstances and this is shown with
some examples in ﬁgure 4 of this report1. However, no spe-
ciﬁc analysis was done to quantify how they will perform or
to indicate which will be the most suitable.
Fortunately, we have already described reference genes
suitable for expression studies when comparing osteoar-
thritic cartilage with control cartilage6. We followed three dif-
ferent approaches for selection of the best reference genes
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818and B2M, were selected by their expression stability in
this speciﬁc experimental setting. In common with many
other researchers, we found that no-single reference gene
was enough, but good results were obtained with the com-
bined use of two of them, or with the three. The inclusion of
multiple reference genes is facilitated by speciﬁc software
like qBase, which allows also for other procedures neces-
sary for accurate qPCR results7. Therefore, we can recom-
mend the use of these reference genes and of this software
for avoiding the problems highlighted by Fundel et al.1. Any
interested researcher can also validate reference genes in
its speciﬁc area of interest as the selection procedures
have been thoroughly discussed and described and some
of them are implemented in freely available software appli-
cations8e10. For example, Toegel et al. have described the
best reference genes for analyzing the effect of several
drugs on an IL-beta stimulated chondrocyte cell line11.
Finally, we want to stress that speciﬁc guidance on other
aspects of the qPCR procedure, which are necessary for
meaningful and reproducible results, is available in several
reviews3,4 and web resources (http://pathmicro.med.sc.edu/
pcr/realtimehome.htm; http://www.gene-quantiﬁcation.de/
body.html).
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